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(5 7) Abstract: 

PROBLEM TO BE SOLVED: To eliminate the 
unsharpnes of an image by Fresnel diffraction and to 
reproduce and display the images accompanied by a 
broad length feel in making three-dimensional display 
patterns by a computer hologram (CGH) incorporating a 
technique of a holographic stereogram(HS). 
SOLUTION: At least portions of a plane having the 
parallaxes formed by imagery are included in an object 
Si space where the reproduced images viewed with the 
^.^depth feel before and behind the hologram plane are 
recognized as if the respective reproduced images exist. 
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CLAIMS 



[Claim(s)] 

[Claim 1] From each of the flat-surface subject copy with parallax of two or more sheets, 
calculate the interference pattern which carries out image formation of the flat surface with the 
parallax which consists of a parallax subject copy on space by the computer, and the interference 
pattern is recorded on a predetermined medium. In the computer hologram which comes to 
record a three-dimensional display pattern by the holographic stereogram-technique The 
computer hologram characterized by including a part of flat surface [ at least ] where the 
reconstruction image by which vision is carried out with a feeling of depth to a hologram side to 
order has said parallax by which image formation was carried out in the object space recognized 
as if each reconstruction image existed. 

[Claim 2] The computer hologram according to claim 1 characterized by two or more flat 
surfaces with the parallax by which image formation was carried out existing. 
[Claim 3] From each of the subject copy with parallax of two or more sheets, by the computer, 
calculate the interference pattern which carries out image formation of the flat surface with the 
parallax which consists of a parallax subject copy on space by the computer, and the interference 
pattern is recorded on a predetermined record medium. In the production approach of the 
computer hologram which comes to record a three-dimensional display pattern by the 
holographic stereogram-technique The step which defines the subject copy (parallax subject- 
copy image) with parallax of two or more sheets obtained by projecting a photographic subject 
(three-dimension body) in the various directions, The location of a flat surface with parallax, the 
recording surface which records an interference pattern, and the step which defines the reference 
beam which carries out incidence to the recording surface, The wave front in the recording 
surface obtained by performing equivalent conversion optically in the parallax subject-copy 
image, The step which calculates the pattern (interference pattern) in which the wave front in the 
recording surface of the defined reference beam comes to interfere, The step which records the 
interference pattern on a predetermined medium physically or chemically, In case it has ** and 
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equivalent conversion is performed optically [ the above ], the image formation location and 
recording surface of a flat surface with parallax are finite distance. And the production approach 
of the computer hologram characterized by defining it as the image formation location of a flat 
surface with parallax becoming in the space recognized as if each reconstruction image displayed 
existed. 

[Claim 4] The production approach of the computer hologram of claim 3 characterized by having 
the step which defines the location of a flat surface with the parallax from which a location 
differs by the direction vertical to a recording surface. 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the computer hologram which forms the 
information on the wave front of the light from each point on the body displayed on a substrate 
with the gestalt of an interference fringe, and is obtained. It is related with the computer 
hologram which calculates an interference pattern by the computer, records the interference 
pattern on a predetermined medium from each subject copy of two or more sheets which has 
parallax especially, and comes to record a three-dimensional display pattern. 
[0002] 

[Description of the Prior Art] The hologram which has generally spread now obtains body light 
from the subject copy (two-dimensional image) with the parallax which photos from many the 
three-dimension body which exists really, or said body, and is acquired of two or more sheets by 
optical technique, it is made to interfere with a reference beam (for it to be different from body 
light) on sensitive material, and it is carrying out photography record as a hologram, and the 
original edition is produced. 

[0003] It is the subject copy (two-dimensional image) of two or more sheets in which the 
photographic subject by which photography record is carried out has parallax, and the hologram 
by the method which obtains the display pattern like a stereo (three dimension) is called the 
holographic stereogram (HS). 

[0004] Exposure interference of body light and the reference beam is actually carried out on 
sensitive material in recent years, it obtains by carrying out simulation of the interference fringe 
obtained eventually on a computer instead of the optical technique of recording the interference 
fringe on holographic one, and technique of the "computer hologram" of the method which 
records the interference fringe on sensitive material (drawing) is devised and put in practical use. 
[0005] A computer hologram (CGH;Computer Generated Hologram) calculates an interference 
fringe by adding a coherent reference beam for complex amplitude distribution of the light from 
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each point on the body to record to origin using a computer, and based on the obtained count 
result, an interference fringe is formed on a substrate (sensitive material), and it is obtained so 
that it may have the function which diffracts light appropriately. 

[0006] As the formation approach of a up to [ the substrate of a computer hologram (CGH is 
called hereafter) ], the approach of carrying out cutback record of the image of the interference 
fringe outputted using the approach of carrying out direct writing of the interference fringe with 
equipment with high resolution drawing capacity and low resolution image output units, such as 
an electron beam exposure system, optically etc. is learned. 

[0007] Here, an interference fringe is calculated as a two-dimensional pattern, and is formed on a 
substrate. An interference fringe serves as concentration distribution (distribution of permeability 
or a reflection factor) on a substrate, the amount distribution of phase modulations (distribution 
of the minute irregularity on a front face, distribution of a refractive index, etc.), or these 
gestalten that were compounded by the formation approach. 

[0008] If the light beforehand decided to be such CGH carries out incidence, above-mentioned 
concentration distribution and the above-mentioned amount distribution of phase modulations 
will diffract light, and the image recorded by the primary diffracted light will be reproduced. If 
this primary diffracted light carries out incidence to an observers eye, the recorded image can 
observe as a stereoscopic model etc. 

[0009] Although the image by CG (computer graphics) is also put in practical use as technique 
expressing the three-dimension body which does not exist really, in 3D-CG, only parallax 
information is expressed in many cases. In CGH aiming at the display of a stereoscopic model, it 
has chisel parallax horizontally for the purpose of reduction of computational complexity etc. in 
many cases. 

[0010] In CGH aiming at the display of a stereoscopic model, the proposal which takes in the 
technique of a holographic stereogram (HS is called hereafter) is reported by JP,6-195017,A and 
JP,6-195018,A. 
[0011] 

[Problem(s) to be Solved by the Invention] CGH only using parallax information of the 
expression about "the feeling of depth" of the three-dimension body to express was inadequate 
until now. In Above CGH, only the information on luminous intensity and a direction is recorded 
and the topology of light is not recorded. Playback of the image which it originated in it, and 
dotage of the image by the Fresnel diffraction arose, and had a large feeling of depth was 
difficult. 

[0012] The Fresnel diffraction is the opposite word of the Fraunhofer diffraction, the latter is 
diffraction of the light in the case of the ability to consider that an incident wave and a diffracted 
wave are plane waves, and if complex amplitude distribution of a diffraction body (hologram) 
and a diffraction figure is connected with the relation of the Fourier transform and the light 
source and a station are in conjugation (relation between a body and an image), the same 
diffraction figure will be made. 

[0013] As shown in drawing 4 R> 4 in CGH which took in the technique of HS, it was in 
agreement with the hologram side in many cases, and the image formation location of the 
parallax subject-copy image at the time of playback had become the cause which dotage 
produces in an image, so that it tried the display which the reconstruction image separated from 
the hologram side. 

[0014] By CGH which took in the technique of HS, in case this invention produces the display 
pattern like a stereo (three dimension), it cancels dotage of the image by the Fresnel diffraction, 
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and aims at carrying out a repeat display with a large feeling of depth. 
[0015] 

[Means for Solving the Problem] In CGH which was made in order that this invention might 
solve the above-mentioned trouble, and took in the technique of HS, it is locating the image- 
formation location of the reconstruction image of a parallax subject-copy image within limits in 
which the display image which is the location where hologram sides differ, and said CGH's 
displays exists at the time of hologram playback, and it becomes possible to reproduce dotage 
few also by the reconstruction image of a location which is distant from a hologram side. 
Furthermore, even when the display rectangle of the depth direction of a reconstruction image is 
wide, it becomes possible to reduce dotage in the large depth range by setting up the playback 
location of two or more parallax subject copies, and arranging the playback location of a parallax 
subject-copy image in the location near each image position. 

[0016] <Operation> Record of HS and a reproductive process are divided into the step of 
diffraction from the exposure -> hologram side of a subject-copy creation -> element hologram 
to the image surface, and are considered. The image recorded on the element hologram of HS is 
calculated by the technique of CG, and projects a body on the field corresponding to a parallax 
image side by setting the core of an element hologram to record as a projection core. Here, the 
case where the body g (x y, z) which consists of much point light sources is recorded is assumed. 
At this time, the image I (xij and etaj) exposed as an element hologram at the point on a 
hologram side (xi and yi) can be shown as follows. 
[0017] 
[Equation 1] 



[0018] Here, f shall be the focal distance of the lens used for composition, and the hologram 
shall be put on the location of z= 0 at right angles to the z-axis. I think that an element hologram 
is produced by Fourier transform optical system as shown in drawing 5 . The hologram recorded 
is a Fourier transform mold and the complex amplitude distribution pj (uj, vj) on a hologram side 
is acquired by carrying out the optical Fourier transform of the top type. 
[0019] 
[Equation 2] 



[0020] Here, it is uj=xh-xj and vj=yh-yj and the absolute coordinate of a hologram side, the 
wavelength of the laser with which lambda is recorded, and d of (xh, yh) are the distance from 
the parallax image side shown in drawing 5 to a lens. 

[0021] Next, I think that this hologram is reproduced. The reconstruction image q by this 

hologram (x y, z) is searched for by the Fresnel integral. 

[0022] 
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[Equation 3] 



[0023] As a body, it is z=z0. Considering the existing two-dimensional image gzO (x y), complex 
amplitude distribution of playback light is z=z0. It is a field and is [0024]. 
[Equation 4] 



[0025] Here, t is expressed with a bottom type. 

[0026] 

[Equation 5] 



[0027] A hologram is fully large, and when small enough compared with it, the effect of the 
phase term in the second half of a formula (4) has small spacing of an element hologram. At this 
time, the reconstruction image from HS serves as a form of the Fresnel integral of the original 
two-dimensional body, and the original body becomes the pattern and equivalence which carried 
out the Fresnel diffraction only of the distance t, and if t of a reconstruction image is large, 
degradation of an image will produce it under the effect of this diffraction. The distance t of this 
equivalent Fresnel diffraction is the distance zO of a body and a hologram side, as shown also in 
a formula (5). It depends. 

[0028] 0 and t= 0 becoming are the cases of the image reproduced by the image formation 
location of a hologram side and a planar image with parallax at the time of d!=f, and the effect of 
the Fresnel diffraction is the case of the image reproduced on a hologram side at the time of d=f. 
[0029] In the stereogram by the general computer hologram, in order to omit a part for the first 
portion of a formula (2) and to use the case of d=f, dotage was increasing, so that it separated 
from the hologram side. In d!=f, it is shown that the image formation location of a parallax 
subject copy is a finite location, and it turns out that it is set to t= 0 in the image formation 
location. 

[0030] The image formation location of a parallax subject copy is a finite location, and the 
location is made to exist within limits in which a reconstruction image exists in this invention, as 
shown in drawing 1 . Since a display image exists near [ image formation location ] a parallax 
subject copy, it becomes possible to make effect of the Fresnel diffraction small, and playback of 
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a higher definition stereoscopic model is attained (claims 1 and 3). 

[003 1] Drawing 3 is f= 50mm and is a graph showing relation with the absolute value of z and t 
in d= 0 and 50,100 mm. In the usual HS, although the relation of d=f with little dotage is used 
over the experience top at large, it turns out that the amount of dotage is large, so that it separates 
from a hologram side. For example, when the body to display exists z= 50mm near the location, 
it becomes possible to set d=100 mm, then the amount of dotage by the Fresnel diffraction to 
about 0. 

[0032] Moreover, if a display body location is the range of ** (f*f7(d-f)) in the depth direction 
from the image formation location of a parallax subject copy, it turns out dotage is small rather 
than the image formation side of a parallax subject copy exists in a hologram side. 
[0033] Moreover, when designing a stereoscopic model, in order to emphasize the depth 
perception, there are many examples which arrange the photographic subject backgrounds and 
foregrounds more nearly main than the main photographic subjects in arranging a background at 
back. In this case, if the image formation location of a parallax subject copy is arranged in the 
range in which the main photographic subjects exist, it will become possible to prevent dotage of 
the main photographic subjects. However, in order that a background and a foreground may 
separate from the image formation location of a parallax subject copy, the dotage whose Fresnel 
diffraction dotage is the cause will produce them. 

[0034] So, in this invention, as shown in drawing 2 , it devised recognizing two or more existence 
of the image formation location of a parallax subject copy according to the location of a display 
body, and carrying out image formation of the parallax subject copy corresponding to a body 
near each display body location (claims 2 and 4). That is, what is necessary is just to arrange so 
that image formation of the parallax subject copy corresponding to each body may be carried out 
to two places (the background of a near one near [ main ] the photographic subject) when it has 
the main photographic subjects and backgrounds. 

[0035] When similarly displaying the body of the location which plurality left, near each body, 
what is necessary is just to arrange the image formation location of the parallax subject copy 
corresponding to each body, and it also becomes possible to reduce dotage of a foreground and a 
background. 

[0036] Thus, by the production approach of the hologram by photography by the usual laser light, 
setting up the image formation location of two or more parallax subject copies needed to take a 
photograph to multiplex, whenever the image formation location of a parallax subject copy 
changed, and contrast may have fallen. 

[0037] In this invention, since superposition of the interference fringe pattern for every location 
of a parallax subject copy is performed within a computer, degradation of the image quality of an 
image is hardly produced. 

[0038] It is enough if most three-dimensional information which an observer senses is acquired 
from parallax information, it is not necessary to make [ many / so ] the number of sheets for 
every depth of a parallax subject copy since the information which a phase has is produced as an 
amount of dotage, and there are generally three kinds, the main photographic subjects, 
backgrounds, and close-range views, and about at most five kinds. It makes it possible for the 
little of the class of this depth to lessen computational complexity of a computer hologram as 
compared with the general hologram which is not a stereogram. 
[0039] 

[Embodiment of the Invention] Hereafter, the example of the computer hologram of this 
invention is explained. 
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[0040] First, the parallax subject copy of a photographic subject is produced. As a parallax 
subject copy, CG etc. may be used, and a camera location may be moved for a actual 
photographic subject, or a photographic subject may be rotated, and a photograph may be taken. 
[0041] Next, the parallax subject copy of a photographic subject is disassembled for every depth. 
Generally, it is decomposed into two, the main bodies and a background, or a three-dimensional 
photographic subject is disassembled into three, the main bodies and foregrounds, and a 
background. Thus, two or more parallax subject copies with which depth differs are produced. 
[0042] Next, the image recorded on the element hologram of HS is calculated by the technique 
of CG for every parallax subject copy of each depth. This is obtained by projecting a body on the 
field corresponding to a parallax image side by setting the core of an element hologram to record 
as a projection core (based on a formula 1). 

[0043] By taking the sum of the complex amplitude obtained by carrying out the Fourier 
transform of the image recorded on the element hologram for every depth obtained above, the 
complex amplitude of body light recorded on an element hologram is calculable (bottom type 6). 
It becomes possible to carry out this count to the operation and comparison of the usual computer 
hologram, and to calculate it at a high speed far from it being the sum of comrades as a result of 
the possible Fourier transform operation of improvement in the speed. By calculating an 
interference pattern with the wave front of this complex amplitude distribution reference beam, it 
becomes possible to obtain the pattern on a hologram side. . 
[0044] 
[Equation 6] 



[0045] Count of the pattern of a computer hologram is performed by such thing for which count 
is performed in all element hologram locations. Although the above-mentioned explanation 
showed the example which displays the parallax of a horizontal and an up-and-down 2-way, it 
may limit only to horizontal parallax and computational complexity may be reduced. Moreover, 
when it is made the parallax of a horizontal chisel, white playback can also be enabled by 
forming a rainbow hologram. 

[0046] Moreover, in the above-mentioned explanation, although the image formation side of a 
parallax image was a flat surface, in using the parallax subject copy which rotated and photoed 
the photographic subject, the direction of a configuration which cut off the spherical surface and 
a cylinder-like side is suitable [ a camera is fixed, and ]. 

[0047] Thus, it becomes possible to carry out patterning of the pattern by the calculated 
computer hologram by various direction for use. For example, EB drawing equipment which is 
used for a semi-conductor process can be used, or the microfilm duplicator of a high resolution 
can be used. When these patterns are recorded as a concavo-convex phase hologram, it is cheap 
and the heat embossing process of being used for the usual embossing hologram enables it to 
reproduce to a large quantity. 

[0048] Moreover, it also becomes possible to express the stereoscopic model of an animation by 
displaying the calculated hologram pattern with devices which can be modulated in the real time, 
such as a sound optical element and a liquid crystal device. In the application as which the 
rapidity of such count is required especially, the effectiveness of this invention is dramatically 
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large. 
[0049] 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The explanatory view showing the relation of the image formation location of the 
display image and parallax subject copy at the time of playback of the computer hologram 
concerning an example of this invention. 

[Drawing 21 The explanatory view showing the relation of the image formation location of the 
display image and parallax subject copy at the time of playback of the computer hologram 
concerning the other examples of this invention. 

[Drawing 31 The graph showing an example of the relation between the image formation location 
of a parallax subject copy, and the absolute value of the distance of the Fresnel diffraction. 
[Drawing 4]T he explanatory view showing the relation of the image formation location of the 
display image and parallax subject copy at the time of playback of the conventional computer 
hologram. 

r Drawing 51 The explanatory view concerning optical system equivalent to count when 
producing the element hologram in this invention. 



[Translation done.] 
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